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METHOD AND SYSTEM FOR INTEGRATING 
SPATIAL ANALYSIS AND DATA MINING 
ANALYSIS TO ASCERTAIN FAVORABLE 

POSITONING OF PRODUCTS IN A RETAL 
ENVIRONMENT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present invention is related to the following 
applications entitled “METHOD AND SYSTEM FOR 
INTEGRATING SPATIAL ANALYSIS AND DATAMIN 
ING ANALYSIS TO ASCERTAIN WARRANTY ISSUES 
ASSOCIATED WITH TRANSPORTATION PRODUCTS”, 
U.S. application Ser. No. , Attorney Docket Number 
CR9-99-050; and “METHOD AND SYSTEM FOR INTE 
GRATING SPATIAL ANALYSIS AND DATA MINING 
ANALYSIS TO ASCERTAIN RELATIONSHIPS 
BETWEEN COLLECTED SAMPLES AND GEOLOGY 
WITH REMOTELY SENSED DATA”, U.S. application Ser. 
No. , Attorney Docket Number CR9-99-051; all of 
which are filed even date hereof, assigned to the same 
assignee, and incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Technical Field 
0003. The present invention relates to an improved data 
processing System and, in particular, to a method and System 
for a specific business application of database processing. 
0004 2. Description of Related Art 
0005. As businesses become more productive and profit 
margins Seem to be reduced, relationships between busi 
neSSes and its customers become more valuable. Businesses 
are more willing to protect those relationships by Spending 
more money on information technology. Because an enter 
prise may collect Significant amounts of data concerning 
their operations and the flow of goods to and from the 
enterprise, Some of the expenditures on information tech 
nology are used to “mine' these collections of data to 
discover customer relationships that are useful to the enter 
prise. 

0006 Data mining allows a user to search large databases 
and to discover hidden patterns in that data. Data mining is 
thus the efficient discovery of valuable, non-obvious infor 
mation from a large collection of data and centers on the 
automated discovery of new facts and underlying relation 
ships in the data. The term “data mining comes from the 
idea that the raw material is the busineSS data, and the data 
mining algorithm is the excavator, shifting through the vast 
quantities of raw data looking for the valuable nuggets of 
business information. 

0007 Businesses constantly desire a better understanding 
of a customer's buying habits in a retail establishment, and 
data mining has been used in an attempt to discover rela 
tionships between customers and purchases. One class of 
relationships for which a business desires guidance is the 
relationship between product placement and the choice of 
products for purchases by the customers of the business, 
which may Own Several databases from which Such rela 
tionships could be extracted if the proper methodologies 
could be applied. However, data mining analysis heretofore 
has been concerned primarily with relationships between 
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customer characteristics and product characteristics and not 
the relationships between customers and the placement of 
products within a retail environment. 
0008. Therefore, it would be advantageous to provide a 
method and System for data analysis that discoverS relation 
ships between product placement and the choice of product 
purchases by a customer. 

SUMMARY OF THE INVENTION 

0009 Amethod and system for ascertaining the favorable 
positioning of products in a retail environment is provided. 
The locations of products within a retail space are deter 
mined using a position identifying System, Such as the global 
positioning System (GPS), a local positioning System (LPS), 
or an enhanced global positioning System (EGPS), and their 
positions are captured in a database attached to a Spatial 
analysis System Such as a Geographic Information System 
(GIS) as products are stocked within the retail space. The 
paths of customers through the retail space are also deter 
mined using the position identifying System, and these paths 
may be recorded using a device that Stores a position 
identifier broadcast by the position identifying System. Cus 
tomerS may be identified using financial transaction data 
bases or other identifying data. The products chosen for 
purchase by the customers are identified, and the locations 
of the chosen products within the retail space are associated 
with the paths of the customers through the retail space to 
form a Set of Spatial relationships. Data mining algorithms 
are used to generate input data for forming a set of product 
and customer relationships. The spatial analysis techniques 
of GIS, combined with the location technologies of GPS, 
LPS, and EGPS, are used to formulate and capture the set of 
Spatial relationships. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself, however, as well as a preferred mode of use, further 
objectives and advantages thereof, will best be understood 
by reference to the following detailed description of an 
illustrative embodiment when read in conjunction with the 
accompanying drawings, wherein: 
0011 FIG. 1 depicts a pictorial representation of a dis 
tributed data processing System in which the present inven 
tion may be implemented; 
0012 FIG. 2 is a block diagram illustrating a data 
processing System in which the present invention may be 
implemented; 
0013 FIG. 3 is a block diagram depicting various objects 
upon which a retail establishment may gather information to 
determine Spatial relationships, 
0014 FIG. 4 is a block diagram depicting the compo 
nents that may be used in a data processing System imple 
menting the present invention; and 
0015 FIG. 5 is a flowchart depicting a process for 
integrating spatial analysis with data mining. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0016. With reference now to the figures, FIG. 1 depicts 
a pictorial representation of a distributed data processing 
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System in which the present invention may be implemented. 
Distributed data processing system 100 is a network of 
computers in which the present invention may be imple 
mented. Distributed data processing system 100 contains a 
network 102, which is the medium used to provide commu 
nications links between various devices and computers 
connected together within distributed data processing Sys 
tem 100. Network 102 may include permanent connections, 
Such as wire or fiber optic cables, or temporary connections 
made through telephone connections. 
0.017. In the depicted example, a server 104 is connected 
to network 102 along with storage unit 106. In addition, 
clients 108, 110, and 112 also are connected to a network 
102. These clients 108, 110, and 112 may be, for example, 
personal computers or point-of-Sale Systems, Such as elec 
tronic cash registers. In the depicted example, Server 104 
provides data, Such as boot files, operating System images, 
and applications to clients 108-112. Clients 108, 110, and 
112 are clients to server 104. Distributed data processing 
system 100 may include additional servers, clients, and other 
devices not shown. In the depicted example, distributed data 
processing system 100 is the Internet with network 102 
representing a worldwide collection of networks and gate 
ways that use the TCP/IP suite of protocols to communicate 
with one another. At the heart of the Internet is a backbone 
of high-Speed data communication lines between major 
nodes or host computers, consisting of thousands of com 
mercial, government, educational and other computer Sys 
tems that route data and messages. Of course, distributed 
data processing System 100 also may be implemented as a 
number of different types of networks, Such as for example, 
an intranet, a local area network (LAN), or a wide area 
network (WAN). FIG. 1 is intended as an example, and not 
as an architectural limitation for the present invention. 
0018 With reference now to FIG. 2, a block diagram 
illustrates a data processing System in which the present 
invention may be implemented. Data processing System 200 
is an example of a client computer. Data processing System 
200 employs a peripheral component interconnect (PCI) 
local bus architecture. Although the depicted example 
employs a PCI bus, other bus architectures, such as Micro 
Channel and ISA, may be used. Processor 202 and main 
memory 204 are connected to PCI local bus 206 through PCI 
bridge 208. PCI bridge 208 may also include an integrated 
memory controller and cache memory for processor 202. 
Additional connections to PCI local bus 206 may be made 
through direct component interconnection or through add-in 
boards. In the depicted example, local area network (LAN) 
adapter 210, SCSI hostbus adapter 212, and expansion bus 
interface 214 are connected to PCI local bus 206 by direct 
component connection. In contrast, audio adapter 216, 
graphics adapter 218, and audio/video adapter (A/V) 219 are 
connected to PCI local bus 206 by add-in boards inserted 
into expansion slots. Expansion bus interface 214 provides 
a connection for a keyboard and mouse adapter 220, modem 
222, and additional memory 224. In the depicted example, 
SCSI host bus adapter 212 provides a connection for hard 
disk drive 226, tape drive 228, CD-ROM drive 230, and 
digital video disc read only memory drive (DVD-ROM) 
232. Typical PCI local bus implementations will support 
three or four PCI expansion Slots or add-in connectors. An 
operating System runs on processor 202 and is used to 
coordinate and provide control of various components 
within data processing system 200 in FIG. 2. The operating 
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System may be a commercially available operating System, 
Such as OS/2, which is available from International Business 
Machines Corporation. “OS/2 is a trademark of Interna 
tional BusineSS Machines Corporation. An object oriented 
programming System, Such as Java, may run in conjunction 
with the operating System, providing calls to the operating 
System from Java programs or applications executing on 
data processing System 200. Instructions for the operating 
System, the object-oriented operating System, and applica 
tions or programs are located on a storage device, Such as 
hard disk drive 226, and may be loaded into main memory 
204 for execution by processor 202. 
0019. Those of ordinary skill in the art will appreciate 
that the hardware in FIG. 2 may vary depending on the 
implementation. For example, other peripheral devices, Such 
as optical disk drives, Systems using AIX or Unix as 
operating Systems and the like, may be used in addition to 
or in place of the hardware depicted in FIG. 2. The depicted 
example is not meant to imply architectural limitations with 
respect to the present invention. For example, the processes 
of the present invention may be applied to multiprocessor 
data processing Systems. 
0020. As the present invention relies extensively on the 
relatively new field of data mining and uses data mining 
algorithms without proffering a new data mining algorithm 
per Se, a discussion of the general techniques and purposes 
of data mining are herein provided before a detailed discus 
Sion of the implementation of the present invention. 
0021 Background on Data Mining 
0022 Data mining is a process for extracting relation 
ships in data Stored in database Systems. AS is well-known, 
users can query a database System for low-level information, 
Such as how many compact disks did a particular consumer 
purchase in the last month. Data mining Systems, on the 
other hand, can build a set of high-level rules about a set of 
data, Such as “If the purchaser is a Student and between the 
ages of 16 and 21, then the probability of buying a compact 
disk is eighty percent.” Such rules allow a manager to make 
queries, Such as "Which customers have the highest prob 
ability of buying a compact disk’?” This type of knowledge 
allows for targeted marketing of products and helps to guide 
other Strategic business decisions. Applications of data min 
ing include finance, market data analysis, medical diagnosis, 
Scientific tasks, VLSI design, analysis of manufacturing 
processes, etc. Data mining involves many aspects of com 
puting, including, but not limited to, database theory, Sta 
tistical analysis, artificial intelligence, and parallel/distrib 
uted computing. 
0023 Data mining may be categorized into several tasks, 
Such as association, classification, and clustering. There are 
also Several knowledge discovery paradigms, Such as rule 
induction, instance-based learning, neural networks, and 
genetic algorithms. Many combinations of data mining tasks 
and knowledge discovery paradigms are possible within a 
Single application. 

0024 Data Mining Tasks 
0025. An association rule can be developed based on a set 
of data for which an attribute is determined to be either 
present or absent. For example, Suppose data has been 
collected on purchases by customers at a Store and the 
attributes are whether specific items were purchased or not 
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for each of the transactions. The goal is to discover any 
asSociation rules between the purchase of Some items and 
the purchase of other items. Specifically, given two non 
interSecting Sets of items, e.g., Sets X and Y, one may attempt 
to discover whether there is a rule “if X was purchased, then 
Y was purchased,” and the rule is assigned a measure of 
Support and a measure of confidence that is equal or greater 
than Some Selected minimum levels. The measure of Support 
is the ratio of the number of records where both X and Y 
were purchased divided by the total number of records. The 
measure of confidence is the ratio of the number of records 
where both X and Y were purchased divided by the number 
of records where X was purchased. Due to the smaller set of 
transactions in the denominators of these ratios, the mini 
mum acceptable confidence level is higher than the mini 
mum acceptable Support level. Returning to shopping trans 
actions as an example, the minimum Support level may be 
set at 0.3 and the minimum confidence level set at 0.8. An 
example rule in a Set of grocery Store transactions that meets 
these criteria might be “if bread was purchased, then butter 
was purchased.” 
0026. Given a set of data and a set of criteria, the process 
of determining associations is completely deterministic. 
Since there are a large number of Subsets possible for a given 
Set of data and a large number of transactions to be pro 
cessed, most research has focused on developing efficient 
algorithms to find all associations. However, this type of 
inquiry leads to the following question: Are all discovered 
asSociations really significant'? Although Some rules may be 
interesting, one finds that most rules may be uninteresting 
Since there is no cause and effect relationship. For example, 
the association “if butter was purchased, then bread was 
purchased” would also be a reported associated with exactly 
the same Support and confidence values as the association “if 
bread was purchased, then butter was purchased, even 
though one would assume that the purchase of butter was 
possibly caused by the purchase of bread and not vice versa. 
0.027 Classification tries to discover rules that predict 
whether a record belongs to a particular class based on the 
values of certain attributes. In other words, given a set of 
attributes, one attribute is Selected as the “goal,” and one 
desires to find a set of “predicting” attributes from the 
remaining attributes. For example, Suppose it is desired to 
know whether a particular item will be purchased based on 
the gender, country of origin, and age of the purchaser. For 
example, this type of rule could include "If the perSon is 
from France and over 25 years old, then they will not 
purchase the item.” A Set of data is presented to the System 
based on past knowledge; this data “trains' the System. The 
goal is to produce rules that will predict behavior for a future 
class of data. The main task is to design effective algorithms 
that discover high quality knowledge. Unlike association in 
which one may develop definitive measures for Support and 
confidence, it is much more difficult to determine the quality 
of a discovered rule based on classification. 

0028. A problem with classification is that a rule may, in 
fact, be a good predictor of actual behavior but not a perfect 
predictor for every Single instance. One way to overcome 
this problem is to cluster data before trying to discover 
classification rules. To understand clustering, consider a 
Simple case were two attributes are considered: age and 
expenditures on clothes. These data points can be plotted on 
a two-dimensional graph. Given this plot, clustering is an 
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attempt to discover or “invent new classes based on group 
ings of Similar records. For example, for the above 
attributes, a clustering of data in the range of S500-700 per 
year might be found for teenagers from 15 to 19 years old. 
This cluster could then be treated as a single class. Clusters 
of data represent Subsets of data where members behave 
Similarly but not necessarily the same as the entire popula 
tion. In discovering clusters, all attributes are considered 
equally relevant. ASSessing the quality of discovered clusters 
is often a Subjective process. Clustering is often used for 
data exploration and data Summarization. 
0029 Knowledge Discovery Paradigms 
0030 There are a variety of knowledge discovery para 
digms, Some guided by human users, e.g. rule induction and 
decision trees, and Some based on AI techniques, e.g. neural 
networks. The choice of the most appropriate paradigm is 
often application dependent. 
0031 On-line analytical processing (OLAP) is a data 
base-oriented paradigm that uses a multidimensional data 
base where each of the dimensions is an independent factor, 
e.g., product VS. customer name VS. date. There are a variety 
of operators provided that are most easily understood if one 
assumes a three-dimensional Space in which each factor is a 
dimension of a vector within a three-dimensional cube. One 
may use “pivoting to rotate the cube to See any desired pair 
of dimensions. “Slicing' involves a subset of the cube by 
fixing the value of one dimension. “Roll-up' employs higher 
levels of abstraction, e.g. moving from Sales-by-city to 
Sales-by-state, and “drill-down” goes to lower levels, e.g. 
moving from sales-by-state to sales-by-city. The Data Cube 
operation computes the power Set of the “Group by opera 
tion provided by SQL. For example, given a three dimension 
cube with dimensions A, B, C, then Data Cube computes 
Group by A, Group by B, Group by C, Group by A.B., Group 
by A.C., Group by B,C, and Group by A,B,C.. OLAP is used 
by human operators to discover previously undetected 
knowledge in the database. 
0032 Recall that classification rules involve predicting 
attributes and the goal attribute. Induction on classification 
rules involves Specialization, i.e. adding a condition to the 
rule antecedent, and generalization, i.e. removing a condi 
tion from the antecedent. Hence, induction involves Select 
ing what predicting attributes will be used. A decision tree 
is built by Selecting the predicting attributes in a particular 
order, e.g., country of origin first, age Second, gender third. 
The decision tree is built top-down assuming all records are 
present at the root and are classified by each attribute value 
going down the tree until the value of the goal attribute is 
determined. The tree is only as deep as necessary to reach 
the goal attribute. For example, if no one from Germany 
buys a particular product, then the value of the goal attribute 
“Buy?" would be determined (value equals “No”) once the 
country of origin is known to be Germany. However, if the 
country of origin is a different value, Such as France, it may 
be necessary to look at other predicting attributes (age, 
gender) to determine the value of the goal attribute. Ahuman 
is often involved in selecting the order of attributes to build 
a decision tree based on “intuitive” knowledge of which 
attribute is more Significant than other attributes. 
0033 Decision trees can become quite large and often 
require pruning, i.e. cutting off lower level Subtrees. Pruning 
avoids “overfitting the tree to the data and simplifies the 
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discovered knowledge. However, pruning too aggressively 
can result in “underfitting the tree to the data and missing 
Some significant attributes. 
0034. The above techniques provide tools for a human to 
manipulate data until Some significant knowledge is discov 
ered. Other techniques rely less on human intervention. 
Instance-based learning involves predicting the value of a 
tuple, e.g., predicting if Someone of a particular age and 
gender will buy a product, based on Stored data for known 
tuple values. A distance metric is used to determine the 
values of the N closest neighbors, and these known values 
are used to predict the unknown value. For example, given 
a particular age and gender where the tuple value is not 
known, if among the 20 nearest neighbors, 15 brought the 
product and 5 did not, then it might be predicted that the 
value of this new tuple would be “to buy' the product. This 
technique does not discover any new rules, but it does 
provide an explanation for the classification, namely the 
values of the closest neighbors. 
0035. The final technique examined is neural nets. A 
typical neural net includes an input layer of neurons corre 
sponding to the predicting attributes, a hidden layer of 
neurons, and an output layer of neurons that are the result of 
the classification. For example, there may be eight input 
neurons corresponding to “under 25 years old”, “between 25 
and 45 years old”, “over 45 years old”, “from Britain', 
“from France”, “from Germany”, “male', and “female'. 
There would be two output neurons: “purchased product” 
and “did not purchase product”. A reasonable number of 
neurons in the middle layer is determined by experimenting 
with a particular known data Set. There are interconnections 
between the neurons at adjacent layers that have numeric 
weights. When the network is trained, meaning that both the 
input and output values are known, these weights are 
adjusted to given the best performance for the training data. 
The “knowledge” is very low level (the weight values) and 
is distributed acroSS the network. This means that neural nets 
do not provide any comprehensible explanation for their 
classification behavior-they simply provide a predicted 
result. Neural nets may take a very long time to train, even 
when the data is deterministic. For example, to train a neural 
net to recognize an exclusive-or relationship between two 
Boolean variables may take hundreds or thousands of train 
ing data (the four possible combinations of inputs and 
corresponding outputs repeated again and again) before the 
neural net learns the circuit correctly. However, once a 
neural net is trained, it is very robust and resilient to noise 
in the data. Neural nets have proved most useful for pattern 
recognition tasks, Such as recognizing hand-written digits in 
a Zip code. 
0036). Other knowledge discovery paradigms can be used, 
Such as genetic algorithms. However, the above discussion 
presents the general issues in knowledge discovery. Some 
techniques are heavily dependent on human guidance while 
others are more autonomous. The Selection of the best 
approach to knowledge discovery is heavily dependent on 
the particular application. 
0037 Data Warehousing 
0.038. The above discussions focused on data mining 
tasks and knowledge discovery paradigms. There are other 
components to the overall knowledge discovery process. 
0.039 Data warehousing is the first component of a 
knowledge discovery System and is the Storage of raw data 

Mar. 20, 2003 

itself. One of the most common techniques for data ware 
housing is a relational database. However, other techniques 
are possible, Such as hierarchical databases or multidimen 
Sional databases. Data is nonvolatile, i.e. read-only, and 
often includes historical data. The data in the warehouse 
needs to be “clean” and “integrated”. Data is often taken 
from a wide variety of Sources. To be clean and integrated 
means data is represented in a consistent, uniform fashion 
inside the warehouse despite differences in reporting the raw 
data from various Sources. There also has to be data Sum 
marization in the form of a high level aggregation. For 
example, consider a phone number 111-222-3333 where 111 
is the area code, 222 is the exchange, and 3333 is the phone 
number. The telephone company may want to determine if 
the inbound number of calls is a good predictor of the 
outbound number of calls. It turns out that the correlation 
between inbound and outbound calls increases with the level 
of aggregation. In other words, at the phone number level, 
the correlation is weak but as the level of aggregation 
increases to the area code level, the correlation becomes 
much higher. 
0040 Data Pre-Processing 
0041 After the data is read from the warehouse, it is 
pre-processed before being Sent to the data mining System. 
The two pre-processing Steps discussed below are attribute 
Selection and attribute discretization. 

0042 Selecting attributes for data mining is important 
Since a database may contain many irrelevant attributes for 
the purpose of data mining, and the time spent in data mining 
can be reduced if irrelevant attributes are removed before 
hand. Of course, there is always the danger that if an 
attribute is labeled as irrelevant and removed, then Some 
truly interesting knowledge involving that attribute will not 
be discovered. 

0043. If there are N attributes to choose between, then 
there are 2 possible subsets of relevant attributes. Selecting 
the best Subset is a nontrivial task. There are two common 
techniques for attribute Selection. The filter approach is 
fairly simple and independent of the data mining technique 
being used. For each of the possible predicting attributes, a 
table is made with the predicting attribute values as rows, the 
goal attribute values as columns, and the entries in the table 
as the number of tuples Satisfying the pairs of values. If the 
table is fairly uniform or Symmetric, then the predicting 
attribute is probably irrelevant. However, if the values are 
asymmetric, then the predicting attribute may be significant. 

0044) The second technique for attribute selection is 
called a wrapper approach where attribute Selection is opti 
mized for a particular data mining algorithm. The Simplest 
wrapper approach is Forward Sequential Selection. Each of 
the possible attributes is Sent individually to the data mining 
algorithm and its accuracy rate is measured. The attribute 
with the highest accuracy rate is Selected. Suppose attribute 
3 is selected; attribute 3 is then combined in pairs with all 
remaining attributes, i.e., 3 and 1, 3 and 2, 3 and 4, etc., and 
the best performing pair of attributes is selected. This hill 
climbing proceSS continues until the inclusion of a new 
attribute decreases the accuracy rate. This technique is 
relatively simple to implement, but it does not handle 
interaction among attributes well. An alternative approach is 
backward Sequential Selection that handles interactions bet 
ter, but it is computationally much more expensive. 
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0.045 Discretization involves grouping data into catego 
ries. For example, age in years might be used to group 
persons into categories Such as minors (below 18), young 
adults (18 to 39), middle-agers (40-59), and senior citizens 
(60 or above). Some advantages of discretization is that it 
reduces the time for data mining and improves the compre 
hensibility of the discovered knowledge. Categorization 
may actually be required by Some mining techniques. A 
disadvantage of discretization is that details of the knowl 
edge may be Suppressed. 
0.046 Blindly applying equal-weight discretization, such 
as grouping ages by 10 year cycles, may not produce very 
good results. It is better to find “class-driven” intervals. In 
other words, one looks for intervals that have uniformity 
within the interval and have differences between the differ 
ent intervals. 

0047 Data Post-Processing 
0.048. The number of rules discovered by data mining 
may be overwhelming, and it may be necessary to reduce 
this number and Select the most important ones to obtain any 
Significant results. One approach is Subjective or user 
driven. This approach depends on a human's general impres 
Sion of the application domain. For example, the human user 
may propose a rule Such as "if the applicant has a higher 
Salary, then the applicant has a greater chance of getting a 
loan'. The discovered rules are then compared against this 
general impression to determine the most interesting rules. 
Often, interesting rules do not agree with general expecta 
tions. For example, although the conditions are Satisfied, the 
conclusion is different than the general expectations. 
Another example is that the conclusion is correct, but there 
are different or unexpected conditions. 
0049 Rule affinity is a more mathematical approach to 
examining rules that does not depend on human impres 
sions. The affinity between two rules in a set of rules {R} 
is measured and given a numerical affinity value between 
Zero and one, called Af(RR). The affinity value of a rule 
with itself is always one, while the affinity with a different 
rule is less than one. ASSume that one has a quality measure 
for each rule in a set of rules {R}, called Q(R) A rule R, is 
said to be suppressed by a rule R if Q(R)<Af(R, 
R) Q(R). Notice that a rule can never be Suppressed by a 
lower quality rule since one assumes that Af(RR)<1 ifj 1. 
k. One common measure for the affinity function is the size 
of the intersection between the tuple sets covered by the two 
rules, i.e. the larger the interSection, the greater the affinity. 
0050 Data Mining Summary 
0051. The discussion above has touched on the following 
aspects of knowledge processing: data warehousing, pre 
processing data, data mining itself, and post-processing to 
obtain the most interesting and Significant knowledge. With 
large databases, these tasks can be very computationally 
intensive, and efficiency becomes a major issue. Much of the 
research in this area focuses on the use of parallel proceSS 
ing. ISSues involved in parallelization include how to parti 
tion the data, whether to parallelize on data or on control, 
how to minimize communications overhead, how to balance 
the load between various processors, how to automate the 
parallelization, how to take advantage of a parallel database 
System itself, etc. 
0.052 Many knowledge evaluation techniques involve 
statistical methods or artificial intelligence or both. The 
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quality of the knowledge discovered is highly application 
dependent and inherently Subjective. A good knowledge 
discovery process should be both effective, i.e. discovers 
high quality knowledge, and efficient, i.e. runs quickly. 
0053 Integrating Spatial Analysis Including Global Posi 
tioning and Discovery Based Data Mining Analysis to 
Ascertain the Proper Positioning of Products in a Retail 
Environment 

0054 As noted above, retail establishments desire a form 
of data analysis that discoverS relationships between product 
placement and the choice of product purchases by a cus 
tomer. By taking advantage of the realization that the many 
databases owned by a retail establishment contain Spatial 
information, the present invention integrates Spatial analysis 
methodologies with data mining methodologies. This inte 
gration of methodologies helps Solve the problem of under 
Standing a customer's buying habits in a retail establish 
ment. 

0055. In a retail environment, one may categorize busi 
neSS data using three aspects that facilitate the integration of 
Spatial analysis methodologies with data mining methodolo 
gies. One aspect is the customer as an individual, i.e. the fact 
that the retail establishment may have a database containing 
personal information about the customer. For example, 
many retail establishments have preferred customer cards 
for which a customer may register by providing Some 
personal information, Such as age, address, occupation, etc. 
In return for the personal information, the retail establish 
ment provides a card with a magnetic strip that may be 
Swiped upon checkout when purchasing products. The cus 
tomer receives Special bonuses and coupon incentives for 
using the card, and the retail establishment receives the 
ability to aggregate information concerning the customer's 
buying habits. 

0056. The second aspect of business data is the products 
that a customer might buy. AS products are received from 
vendors for inventory within a retail establishment, the 
vendor may Supply electronic data concerning the products 
that the retail establishment Stores in one or more databases, 
including product descriptions, product UPC codes, quanti 
ties, prices, etc. Retailers may create their own databases 
containing product-related information. 

0057 The third aspect of business data is the spatial 
relationship between products within the retail establish 
ment's physical Space, which may be termed the retail Space. 
AS products are placed within the retail space, which may 
include shelves, bins, racks, coolers, displays, etc., as nec 
essary for the particular products and the particular retail 
establishment, the location of the product is registered 
within a database. By maintaining knowledge of the exact 
location of products within the retail space, a retail estab 
lishment takes a first Step to facilitating ease of Shopping by 
a customer who may be interested in related products. 
0058 Discovery-based data mining allows for the under 
Standing of the customer and the products that the customer 
may buy together. AS noted above in the description of 
general data mining techniques, data mining alone may 
provide interesting relationships. For example, data mining 
within the purchase transactions of a retailer may reveal a 
rule Such as middle-aged men tend to buy at least two dessert 
items when they make a food purchase at a particular 
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grocery Store between 6 p.m. and 10 p.m. However, a 
grocery Store may have dessert items placed at Several 
locations throughout its retail space, and data mining alone 
cannot provide further information concerning relationships 
between the locations of the purchased dessert items. For 
example, a grocery Store may have dessert items located in 
a freezer Section, a dairy Section, a bakery Section, and a 
candy confection Section, and the grocery Store operator may 
be interested to know that the dessert items which tend to be 
purchased together do not lie within thirty feet of each other, 
i.e. middle-aged men seem to make an extra effort to walk 
between these Sections looking for particular items. 
0059 Spatial analysis using GIS utilizing the data col 
lected by the data collection devices GPS, LPS, and EGPS 
integrated with the product/customer relationships discov 
ered using data mining allows for the relationship of these 
products in the retail environment to be monitored and 
analyzed, which allows for the proper evaluation of related 
product purchases by certain customers and how their posi 
tion in the Store may influence those purchases. Continuing 
with the above example, Spatial analysis of the customer 
paths and item location determines the exact locations of the 
dessert items within the retail space, their relative placement 
to one another, and the movement of customers throughout 
a retail Space in relation to these products. The interaction 
and Selection of products by customerS may be spatially 
analyzed using analyses Such as “what-if concerning 
another position in the Store to determine if an alternative 
Spatial relationship of products might be more profitable. 
These spatial relationships may be integrated with the data 
relationships discovered through data mining to determine 
additional information concerning purchases by customers. 
This knowledge then provides the retail establishment with 
the direction necessary to enhance Such purchases through 
the co-location of products that appear in the same Shopping 
baskets consistently. 
0060 Spatial analysis is a means by which one can 
integrate absolute positioning of objects in Space Such that a 
distance and direction between each can be determined. 
Once this determination has been made then the positions of 
these objects can be mapped. There are numerous algorithms 
that can take advantage of this data to calculate time between 
various positions, preferential paths, etc. This technology 
allows one to measure the frequency of certain paths being 
taken, map those with relationship to Stationary objects Such 
as products or facilities, monitor changes in path patterns as 
a result of object position changes, and model alternatives of 
actions and processes that may cause the implementation of 
new paths that are financially more attractive to a retail 
establishment. Similar technology has been used for a num 
ber of years by urban planners, Scientists, resource managers 
and others to monitor and analyze environmental param 
eterS. 

0061. By employing a global positioning system (GPS), 
a database may store accurate establishment of positions of 
products within the store. In addition, GPS may be used to 
record paths and patterns of browsing and Shopping of Store 
patrons. GPS Systems are well-known, and the accuracy of 
the position information varies depending upon the appli 
cation. Although a GPS Signal from a Satellite may only 
provide location accuracy to within Several yards, GPS data 
may be locally enhanced within the retail space with local 
positioning transmitters, such as Enhanced GPS (EGPS) and 
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detectorS So that the retail establishment has position infor 
mation which is accurate to within inches or less. By 
utilizing the present invention of the combination of global 
positioning, Spatial analysis, and data mining, it is possible 
for the first time to track customers through Stores and 
monitor their buying habits and procedures, thus allowing 
for a better positioning of products to make it easier for 
customers to Select and purchase things that they need. 
0062. With reference to FIG. 3, a diagram depicts vari 
ous objects upon which a retail establishment may gather 
information to determine Spatial relationships. Retail estab 
lishment 300, which may be a grocery store, has shelves 
302-308 which contain aisles of products. 
0063) Products 310-324 reside at specific locations on 
these shelves. AS the products are placed on the shelves, 
employees of the store may scan the UPC bar codes of the 
products. When a product is Scanned, the location of the 
placement of the product is determined and Stored in an 
appropriate database. If a GPS Signal is adequately Strong 
and accurate, the Scanning unit may be able to receive the 
GPS signal from satellite 330. Alternatively, local EGPS 
transmitters 331-338 within the retail space will provide 
Signals that enhance or replace the Satellite Signal and from 
which a precise location of a product in the Store may be 
determined. The position identifying System used through 
out the present invention may vary, and the examples 
provided above should not be interpreted as limitations with 
respect to the present invention. 
0064 Customer 340 is located at checkout counter 391, 
one of several checkout counters 390-392 in the retail store. 
The products within the basket of customer 340 are recorded 
in a transaction database along with other associated pur 
chase information for the customer. 

0065 Customer 342 has traced a path through the store 
and has stopped at a location at which the customer has 
selected products 322 and 324. The path of the customer 
through the Store may be traced in a variety of manners. 
Each shopping basket may have a GPS receiver that records 
its movement throughout the Store; at Specific time points, 
possibly once per Second, the location of the basket is 
recorded. Alternatively, preferred customers may be given 
baskets that include Such receiverS So that only movements 
of certain customers are analyzed. When the customer 
checks out, the path Storing device on the basket is wire 
lessly queried to retrieve the path of the customer, and the 
identity of the customer is determined through the financial 
transaction at checkout, either by Swiping a preferred cus 
tomer card, by using a credit card, or by using Some other 
identification. AS the Shopping basket is returned to a basket 
Storage location within the Store, the Storage device may be 
reset in preparation for its use by another patron. 
0066. In a different mode of operation, the basket may 
have an interactive display that the customer activates by 
Swiping a preferred customer card. Once the customer is 
identified with this action, the identity of the customer that 
traces a path through the Store is then known, and the path 
information is eventually Stored along with the customer's 
purchase information. 
0067. The methods of identifying the customer and the 
customer's path through the retail Space described herein are 
provided as examples and should not be interpreted as 
limiting the invention. 
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0068 Customer 344 traces a unique path through the 
retail space that is different from other customers. AS is 
shown in the figure, customer 344 Stops in front of products 
310, 312,316, 318, and 320, respectively. At each of these 
locations, customer 344 may or may not Select the particular 
products for purchase. The path for customer 344 is later 
Stored along with purchase information. 
0069. Even if customer 344 did not select one or more of 
products 310, 312,316, 318, or 320, however, the fact that 
the customer paused in front of the products may be Sig 
nificant for marketing purposes. For example, products 310 
and 312 are located at the highly visible endcaps of the 
aisles. These locations are frequently reserved by Stores for 
Special promotions. Even if the customer does not choose 
one of the products at these locations, the retail establish 
ment derives Some value in knowing that the display 
attracted the attention of the customer. During data analysis, 
the retailer may discover that customer 344 and similar 
customers are not generally purchasers of these Specially 
displayed products, but the fact that the retailer was able to 
attract the attention of Such customers and possibly induce 
Some of them to buy the product informs the retailer of some 
correlation between the products locations with the retail 
Space and their appeal to certain customers. 
0070 Homes 350,352, and 354 are shown as the points 
of origin for customers 340, 342, and 344. The retail 
establishment Stores the address of a preferred customer in 
asSociation with other preferred customer information. In 
addition, the address of certain customerS may be deter 
mined through credit card transactions, etc. The addresses 
provide additional spatial information which may be corre 
lated with the purchasing decisions of the customers during 
data post-processing. The information about the demograph 
ics (age, children, gender, etc.) may then be gathered about 
these customers and integrated with the other in-store data to 
allow one to Segment these customers. If these customers are 
good customers and have a certain product that they pur 
chase, e.g. a barbeque, then an advertisement may be sent to 
this customer that gives the customer Special compensation 
toward the purchase of charcoal, an apron, etc. Since the 
information about the customer is extensive, the chances 
that the customer will take advantage of the offer should be 
great, which in turn would give a greater than expected 
acceptance rate of an offer for Supplemental products that 
would be associated with an earlier purchase. 
0071. With reference now to FIG. 4, a block diagram 
depicts the components that may be used in a data proceSS 
ing System implementing the present invention. GPS Sub 
system 400 provides precise locations of the placement of 
products within the retail space. Geographic Information 
Subsystem (GIS) 402 uses the positioning information from 
the GPS Subsystem to correlate the position of the products 
within the retail space as Stored within product position 
database 404 and the paths of customers through the retail 
Space as Stored within customer transaction database 406. 
Data mining Subsystem 408 uses product database 410, 
customer transaction database 406, and product location 404 
to discover relationships between the placement of products, 
the products chosen for purchase by customers, and the 
paths of customers within the retail space. Spatial analysis 
Subsystem 412 uses the customer path information in cus 
tomer transaction database 406 and product location data 
base 404 to process, plot, and display Spatial information. 
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0072 GIS 402, data mining Subsystem 408, and spatial 
analysis Subsystem 412 transfer information as appropriate. 
GIS 402 may process position information as necessary for 
either spatial analysis Subsystem 412 or data mining Sub 
system 408. Spatial analysis subsystem 412 receives rela 
tionship data from data mining Subsystem 410 for plotting 
and displaying Spatial relationshipS and may return feedback 
information concerning spatial relationships to data mining 
Subsystem 408. Spatial analysis subsystem 412 and data 
mining Subsystem 408 may provide results to customer 
relationship management (CRM) subsystem 414 that incor 
porates the results into marketing plans for the retail estab 
lishment. 

0073. Other databases may be provided, or the databases 
above may be combined in alternate arrangements of infor 
mation. The examples provided above are not meant as 
limitations with respect to the present invention. 
0074. With reference now to FIG. 5, a flowchart depicts 
a proceSS for integrating Spatial analysis with data mining. 
The process begins with precise placement of products 
within a retail space using GPS information (step 502). As 
customers trace paths within the retail space, their move 
ments are recorded into a database along with their purchase 
transactions (step 504). These databases are then mined 
using data mining algorithms to find relationships among 
products, customers, and purchases (step 506). Potentially 
valuable data relationships are then processed through Spa 
tial analysis to determine whether the location of products 
within the retail space contributes or hinders particular 
relationships among customers and products (step 508). 
0075. By knowing the different attributes of the custom 
ers, relating that information to the products they buy, and 
then further understanding the Store geography as it relates 
to paths through the Store, and the regional geography from 
which the customer has come, Some interesting relationships 
may be determined. For example, it may be found that 
customers who shop the Store and come from greater than 5 
miles, buy only large containers of products whereas cus 
tomers that come from less than 5 miles away do not tend to 
by large containers of products. These may be limited to 
only a few different kinds of products eg. Soaps, flour, etc. 
If this information was used with Specific advertising that 
featured compensation for the large quantity products in 
advertisements focused on customers that shop at the Store 
who come from greater than 5 miles from the Store, and the 
Same advertisement featuring compensation for other than 
the large quantity products of the same brands was focused 
on customers who come from less than 5 miles from the 
Store, then a more targeted campaign with an expected 
higher customer acceptance could be conducted. Then, if the 
large quantity products were colocated in the Store Separate 
from the Small quantity products, the products featured to 
the two different audiences could have an associated Store 
map that would show these two audiences preferred paths to 
their respective products. These paths could be varied 
through the Store based upon the other products purchased at 
the same time by the two different audiences and thus allow 
them to buy other complementary items at the same time, 
e.g. 64 oz. barbeque Sauce and chicken or 15 gallons of oil 
and large engine oil filters, 16 oz. of barbeque Sauce and 
pork ribs or 2 quarts of oil and oil filters for compact cars. 
0076 Another application might be associated with age 
of the customer. One might determine using either a demo 
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graphic clustering algorithm or classification algorithm pro 
Vided by a data mining analysis that customers that are 
younger than 25 never visit the lamp department but always 
Visit the Sofa and accessories department if they come to the 
Store from less than 15 miles away, whereas customers that 
are older than 25 alwayS Visit the lamp department and also 
the china department no matter what their distance from the 
Store. Advertisements to these two different groups would be 
different in that the advertising material Sent to the younger 
than 25 group of Shoppers would always feature Specialties 
in the Sofa and accessories department if they live greater 
than 15 miles away and the advertisements Sent to Shoppers 
that are over 25 no matter how far they lived from the store 
would feature Specialties in the lamp and china departments. 
0077. The integration of spatial relationships with data 
mined relationships provides marketing guidance to a 
retailer in Several ways. First, a retailer may find a Strong 
relationship between the Sales of one particular product and 
its location over time by tracking Sales of the product and 
analyzing how these Sales are either enhanced or diminished 
as the position of the product changes over time. 
0078. A second but potentially much more valuable set of 
market guidance relationships involves the relationship 
between a product and a customer's behavior regarding the 
product. Through traditional data mining of purchase trans 
actions and customer information, a retailer may discover 
that customers from a specific local region near the retail 
establishment are better customers than other customers 
from other regions. However, without performing spatial 
analysis, the retailer cannot relate the layout of a store and 
the placement of products within the Store to particular 
customers. By rearranging product placement and display 
layouts over time, the retailer may discover that particular 
placements and layouts induce particular shopping behavior 
in different customers or Sets of customers. 

0079 For example, a retailer may desire to organize all of 
its Stores in a uniform manner So that when a customer Visits 
any of the Stores, the customer can easily find a product in 
the same relative location in all Stores. However, a set of 
drop-in customers may not be the retailer's best customer, 
either in terms of amount of Sales or in frequency of Visits. 
A retailer primarily wants to increase Sales, So a uniform 
layout for all Stores may or may not be the best approach. 
The ultimate goal of the retailer should be to make the 
largest amount of Sales in the Shortest amount of time from 
the best customers of the retailer. The retailer may experi 
ment with product placement and product layout and Spa 
tially analyze the purchasing behavior of customers in order 
to maximize a beneficial relationship between the customers 
and the retailer. 

0080. The present invention may also be applied to a 
more general category of perSons and products, Such as 
products located within a warehouse. Data mining may be 
applied to transactions, Such as purchase orders of items, and 
Spatial analysis may be applied to perSons retrieving items in 
order to enhance the efficiency of those perSons within the 
warehouse. 

0081. The advantages of the present invention should be 
apparent in View of the detailed description provided above. 
One can conclude that the need for a tool to assess Spatial 
relationships of products allows one to enhance product 
purchases by individual customers by allowing for the 
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assessment of relative location of products one to another. 
This assessment is very difficult to impossible without the 
plotting of these product locations on a map and observing 
the resulting buying patterns created when products are 
moved from one location to another. Global positioning 
allows for the tracking of patterns of customers in a Store and 
provides the data that will be used in the Spatial analysis and 
discovery-based data mining with respect to customer pat 
terns and product positions. Using discovery-based data 
mining algorithms that address the association of products, 
classifications of behaviors, and prediction of the propensity 
to buy or accept an offer allows for the differences between 
customer buying patterns and how the buying patterns 
change with changes in location of products to be under 
stood. Finally, using this knowledge to develop new Store 
layouts and product locations treats customers in a way that 
it makes it easy for them to shop for related products and 
provides happier customers that will purchase more products 
in a shorter period of time. Data is turned to knowledge, and 
this knowledge is used to better Serve customers. 
0082 It is important to note that while the present inven 
tion has been described in the context of a fully functioning 
data processing System, those of ordinary skill in the art will 
appreciate that the processes of the present invention are 
capable of being distributed in the form of a computer 
readable medium of instructions and a variety of forms and 
that the present invention applies equally regardless of the 
particular type of Signal bearing media actually used to carry 
out the distribution. Examples of computer readable media 
include recordable-type media Such a floppy disc, a hard 
disk drive, a RAM, and CD-ROMs and transmission-type 
media Such as digital and analog communications linkS. 
Also, it should be kept in mind that position capturing 
devices other than GPS might be used to capture positioning 
information. These might include remote Sensing capturing 
Sensors that record the position of imageS produced from 
products or perSons directly. 
0083. The description of the present invention has been 
presented for purposes of illustration and description, but is 
not intended to be exhaustive or limited to the invention in 
the form disclosed. Many modifications and variations will 
be apparent to those of ordinary skill in the art. The 
embodiment was chosen and described in order to best 
explain the principles of the invention, the practical appli 
cation, and to enable others of ordinary skill in the art to 
understand the invention for various embodiments with 
various modifications as are Suited to the particular use 
contemplated. 

What is claimed is: 
1. A method for determining data relationships of data 

asSociated with product placement in a retail space, the 
method comprising the computer-implemented Steps of: 

determining locations of products within the retail Space 
using a position identifying System; 

identifying customers within the retail space; 
recording paths of customers through the retail Space 

using the position identifying System; 

identifying products chosen for purchase by the customers 
during the paths of the customers through the retail 
Space; and 
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asSociating the locations of products within the retail 
Space with the paths of the customers through the retail 
Space to form a set of Spatial relationships. 

2. The method of claim 1 further comprising: 
employing data mining algorithms to generate input data 

for forming the Set of Spatial relationships. 
3. The method of claim 1 further comprising: 
employing Spatial analysis algorithms to form the Set of 

Spatial relationships. 
4. The method of claim 1 wherein the position identifying 

System comprises a global positioning System or other 
remote Sensing device. 

5. The method of claim 1 wherein the position identifying 
System comprises a local positioning System that may or 
may not be associated with a global positioning System. 

6. A method for determining data relationships of data 
asSociated with product placement in a retail space, the 
method comprising the computer-implemented Steps of: 

identifying patterns of customers in the retail space; 
identifying locations of products within the retail space; 

and 

asSociating the patterns of customers with the locations of 
products to form a set of Spatial relationships. 

7. The method of claim 6 further comprising: 
Selecting locations for products in the retail space based 
on the Set of Spatial relationships. 

8. The method of claim 7 further comprising: 
identifying locations of products relocated within the 

retail Space based on the Selected locations, and 
asSociating the patterns of customers with the locations of 

relocated products to form a Second Set of Spatial 
relationships. 

9. The method of claim 6 further comprising: 
employing data mining algorithms to generate input data 

for forming the Set of Spatial relationships. 
10. The method of claim 6 further comprising: 
employing Spatial analysis algorithms to form the Set of 

Spatial relationships. 
11. The method of claim 6 further comprising: 
identifying patterns of customers and locations of prod 

ucts within the retail space comprises using a position 
identifying System. 

12. The method of claim 11 wherein the position identi 
fying System comprises a local positioning System that may 
or may not be associated with a global positioning System. 

13. The method of claim 11 wherein the position identi 
fying System comprises a global positioning System or Some 
other means of Sensing position of objects of interest. 

14. A method for determining data relationships of data 
asSociated with product placement, the method comprising 
the computer-implemented Steps of: 

identifying patterns of perSons within a physical Space; 
identifying locations of products within a physical Space; 

and 

asSociating the patterns of perSons with the locations of 
products to form a set of Spatial relationships. 
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15. The method of claim 14 wherein the physical space is 
a warehouse of products. 

16. A data processing System for determining data rela 
tionships of data associated with product placement in a 
retail Space, the data processing System comprising: 

determining means for determining locations of products 
within the retail Space using a position identifying 
System; 

first identifying means for identifying customers within 
the retail Space; 

recording means for recording paths of customers through 
the retail Space using the position identifying System; 

Second identifying means for identifying products chosen 
for purchase by the customers during the paths of the 
customers through the retail Space; and 

asSociating means for associating the locations of prod 
ucts within the retail space with the paths of the 
customers through the retail space to form a set of 
Spatial relationships. 

17. The data processing system of claim 16 further 
comprising: 

first employing means for employing data mining algo 
rithms to generate input data for forming the Set of 
Spatial relationships. 

18. The data processing system of claim 16 further 
comprising: 

Second employing means for employing Spatial analysis 
algorithms to form the Set of Spatial relationships. 

19. The data processing system of claim 16 wherein the 
position identifying System comprises a global positioning 
System. 

20. The data processing system of claim 16 wherein the 
position identifying System comprises a local positioning 
System. 

21. A data processing System for determining data rela 
tionships of data associated with product placement in a 
retail Space, the data processing System comprising: 

first identifying means for identifying patterns of custom 
ers in the retail space; 

Second identifying means for identifying locations of 
products within the retail Space; and 

first associating means for associating the patterns of 
customers with the locations of products to form a Set 
of Spatial relationships. 

22. The data processing System of claim 21 further 
comprising: 

Selecting means for Selecting locations for products in the 
retail Space based on the Set of Spatial relationships. 

23. The data processing System of claim 22 further 
comprising: 

third identifying means for identifying locations of prod 
ucts relocated within the retail space based on the 
Selected locations, and 

Second associating means for associating the patterns of 
customers with the locations of relocated products to 
form a Second set of Spatial relationships. 
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24. The data processing System of claim 21 further 
comprising: 

first employing means for employing data mining algo 
rithms to generate input data for forming the Set of 
Spatial relationships. 

25. The data processing system of claim 21 further 
comprising: 

Second employing means for employing Spatial analysis 
algorithms to form the Set of Spatial relationships. 

26. The data processing System of claim 21 further 
comprising: 

fourth identifying means for identifying patterns of cus 
tomers and locations of products within the retail space 
comprises using a position identifying System. 

27. The data processing system of claim 26 wherein the 
position identifying System comprises a local positioning 
System. 
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28. The data processing system of claim 26 wherein the 
position identifying System comprises a global positioning 
System. 

29. A data processing System for determining data rela 
tionships of data associated with product placement, the data 
processing System comprising: 

first identifying means for identifying patterns of perSons 
within a physical Space; 

Second identifying means for identifying locations of 
products within a physical Space; and 

asSociating means for associating the patterns of perSons 
with the locations of products to form a Set of Spatial 
relationships. 

30. The data processing system of claim 29 wherein the 
physical Space is a warehouse of products. 

k k k k k 


